656 Answers to Odd-Numbered Questions
d d’s
:.A»VM. =64 — 32t m =-32
(b) 2 sec (c) 64 ft/sec
64 64
(d) w| 12.3 sec; ».Au Nv ~ 393.8 ft

4
72. (a) M sec; 280 cm/sec

(b) 560 cm/sec; 980 cm/sec?
73. w(20x — x2)

74. (a) r(x) = Au - ‘OVM

(b) 40 people; $4.00
(c) One possible answer: Probably not, since the company charges less
overall for 60 passengers than it does for 40 passengers.

75. (a) —0.6 km/sec  (b) 18/7 ~ 5.73 revolutions/min
|cos(x)]
76. (a) The derivative of yj is y,. (b) Lety, = ————.
cos(x)
)
10202
8
78.a=V2

79. (a) x # »w. where k is an odd integer

(b) (=m/2,7/2)
(¢) Where it's not defined, at x = »m. k an odd integer
(d) It has period 7r/2 and continues to repeat the pattern seen in this
window.
. 1 T ; :
80.y'(r) = 2\ wa’ so increasing r decreases the frequency.
1 T

o TR N (5 E——
y'(d) = iV nd’ s0 d the frequency.
1
y(T)=— , S0 ing / i the A
N =~ ata s
81. (@) v(r) = x'(1) =32 - 12
(b) a(t) = v'(1) = 6t

(c) The particle is at rest when 32 — 12 = 0; that is, at f = 2.
(d) a(r) = 6r = 0 when ¢ = 0, at which point the speed is
Iv(0)] = |-12] =

(e) The position at 1 = 3 is x(3) = —4, and the velocity is v(3) =

Since the particle is to the left of the origin and moving to the right,

it is moving toward the origin.
82.(a)y — 3 = 5(x — 4)
(b) Yes. Since fis dif atx = 3,itis i atx = 3.
(c) Yes. Since fis continuous on [2, 4], it takes on all values between
f(2) = —1and f(4) = 3 (Intermediate Value Theorem).

@ g'(2) = mlwmwﬁww,'wb
U -3 - ("2 -0f2) _ 9
(£(2)

- 3)? 16
= 0, the function g is not defined at x = 4.

(e) Since f(4) —

/s N

[-2m, 2x] by [-2,2]

2 sinx
os x — 2)?

(b) f'(x) =

(¢) 0, *ar, 27

= fx2m) = —— =

(d) The low turning points are f(0) T5%

high turning points are
i
=l=2 1

f(xm) =

The range is the interval ﬁ\_, w

CHAPTER 4

Section 4.1
Quick Review 4.1

Lsin(x®+1)  3.49x% + 1
2+ 1
Ssints = 7g(h(f())

9. f(h(h(x)))

Exercises 4.1
1.3cos (3x + 1)
3. —V/3sin A/\w\i
2 sin x
(1 + cos x)?

5

—sin (sin x) cos x

9. 3 sin A\ - wkv

4 4 .
11. —cos 3t — —sin5t
m ™

13, -2(x + SVLA

15. —Ssin™
17. 4 sin® x sec? 4x + 3sin’ x cos x tan 4x
19. —3(2x + 1)73/2
21. 6sin (3x — 2)cos (3x — 2) = 3sin (6x — 4)
23. —42(1 + cos?7x)2cos 7x sin 7x
25. —sec? (2 — 6)

fcosf + sinf

2 <mm5

29. 2 sec’ x tan x
31. 18csc? (3x — 1) cot (3x — 1)
33. 5/2
35, —m/4
37.0
39. (a) —6sin (6x + 2)

(b) —6sin (6x + 2)
y=-x+2V2

21.——

11
43.y=——x—=
By=-37 73
1
45y =x+—
y=x+3g
.y=Vi+2--2

V3

;.

—1, and the

Ccos 1
49.
® st
5 Axyv (2t + 1)(sint) + 2cost
¢ vs dx) (2r + 1)
A@v B‘ + 1)(sint) + 2cost
5 R s S R
© 2e\ax @+ 1)
(d) part (c)
51.5
53 L
2 1 1
55. Tangent y = 7x — 7 + 2: Normal: y = |ﬂu. + p +2

mﬁov hnom ﬂ«ll‘m:ﬂ Aﬂxv H l|m_=T v
%. By.:.:s _%_mo ;o
»
59. The slope of y = sin (2x) at the origin is 2. The slope of y = —sin 2 at
1
the origin is — . So the lines tangent to the two curves at

2
the origin are perpendicular.

61. The amplitude of the velocity is doubled.
The amplitude of the acceleration is quadrupled.
The amplitude of the jerk is multiplied by 8.

2
63. Velocity = 5 m/sec
acceleration = \a m/sec’
65. Gi L
. Given: v = —
Vs
erati ,\~\< N?N?IS\
acceleration: ="+ =" = v
_k k&
225 28
dT _ dT dL
7 % = aL du
T L kT
=——kL = »:/\H ==
VgL 8 2

69. Yes. Either the graph of y = g(x) must have a horizontal tangent at x = 1,

or the graph of v. = f(u) must have a horizontal tangent at u = g(1).

This is because !\Aw:v = f'(g(x)) g'(x), so the slope of the tan-

f(g(x)) at x = Lis given by f'(g(1)) g'(1). If
this product is zero, then at least one of its factors must be zero.

71. False. Itis +1

73.C

75.B

77. As h — 0, the second curve (the difference quotient) approaches the first
(y = —2x sin (x?)). This is because —2x sin (x?) is the derivative of
cos (x2), and the second curve is the difference quotient used to define
the derivative of cos (x2). As 1 — 0, the difference quotient expression
should be approaching the derivative.

gent to the w_‘wv__ Om y=

dG _ d Aoy te
40 . & 2+
rr %x\:ﬂ T N P rex
c
x+=
—
Va2 + cx
Hm.mm=on>ua+w4

Answers to Odd-Numbered Questions

Section 4.2

Quick Review 4.2
Ly = SL_N - \/\

\\\u\l.
//l)

[-6, 6] by [-4, 4]

X X
An=pn=-j3

[-6, 6] by [-4,4]

S5.1=V2ax+3-uxly=

[4.7,4.7) by [-3.1,3.1]

gyt y + ycosx
T Tsinx - y
9. X2 — x6

Exercises 4.2
2xy +y
T2y + a2
!
(e 1)

5.cos’y

1
7.—=cos? (xy) — =

b

dy

X
9. —=-=2/3
dx y /
. E —23
2xy — w
w‘ defined at every point except where x = 0
ik
=x/2
m»,N -
poe mmm_ﬁ_ at every point except where y> = x/3
x =y
7 1 4 29
17.(@) y = -x — 2 (b)y = -7 + =
I8
19.(@)y=3x+6 (b)y=—-Zx+7
3 3
6
e g
21.(a)y « 7
7
(b)y= 1\». 5

6!

7
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7 2 2, .,
3 =—Zx+ e e e
23.(a)y Nx w (b)y i
x 1
25.(@)y=2mx—2w (b)y=-7-—-+—
2n- - 2m
dy  x
27.—=-=
dx ¥y
Ay (P+y)
dx? ¥ ¥
dy x+1
29.——=
dx y

31. (9/4)x*

33. (1/3)x723

35, —(2x + 5)2

372202+ )72 (2 )12

39. - w: —x\2)712,71/2

9,
41. - mﬁnmn x)¥2 cot x

43. (b), (¢), and (d)

45. (a) At A s v“ Slope = —

(b)

[-1.8, 1.8] by [-1.2, 1.2]

Parameter interval:
-1=r=1

47. (a) (—1)*(1)% = cos () is true since both sides equ
(b) The slope is 3/2.
49. The points are (+1/7, 0)

dy  2x+y
dx 2y + x
At both poi & D,
(5 et
t both points, oF
dy =
51. First curve: — = =1
dx 3y
dy  32%
second curve: —— = ——
dx 2y
2 3 .
At (1, 1), the slopes are 3 and 2 respectively.
2 3
At (1, —1), the slopes are A and = respectively.
In both cases, the tangents are perpendicular.
d
53. Acceleration = ﬁ_\ =4(s - )P -1)
d

= 32 fifsec?

5
55, () At (4,2): a0 (2,4): w

(b) At (3V/2,3V/4) ~ (3780, 4.762)

(0) At (3V/4,3V/2) ~ (4.762,3.780)
57.At(—1,—1):y=-2y —3;at (3, -3:y=—2x+3
59. False. It is equal to =2.

6l.A  63.E
dy bx

5. @) 2 = -2
W T

The tangent line is y — y; =

This gives: nw._w = aw,m = Ivﬁ:.« + wN.:N,

aPyy + b = by + b
But a?y? + b*x> = a®b?® since (xj, ;) is on the ellipse.
Therefore, a’yy + b2x,x = a’b?, and dividing by a’b? gives

Quick Quiz (Sections 4.1-4.2)
LB 3.C

Section 4.3

Quick Review 4.3

1. Domain: [—1, 1]; Range: [—7/2, w/2] At 1: /2
3. Domain: all reals Range: (—w/2, w/2) At 1: /4
5. Domain: all reals; Range: all reals At 1: 1

1) =2-5

9,571 (1) = 52

E i .
_xlm_.mhmmm 4q w<m

— 3 —
1-x* Vi1-2?

7. sin”

6
Vit -9
9.1 1L 1/5

1
ey ——
[2s + 11Vs? + s
2
b ——
(B 1V 42
O N T

Vil 2tV =1
21.0,x > 1 23.y = 0.289x + 0470
25.y = 0.378x — 0.286
N:w:uw.TWJf 1
PR T
Ay
29. (a) f'(x) =3 — sinx and f'(x) # 0. So f has a differentiable inverse by
Theorem 3.

®) £(0) = 1,f(0) =3
©f' M =0,y =

L
3

dx 1
31 @) (1) = Mm = 7 Which i always positive.
dv 2t
b) a(r) = =~ = ————— which is always negative.
(b) a(r) @ TENEE which is always negativ
m
@35
= hmm —
dx\2
d
=0——tan"'x
% an X
S
1+ a2
35. True. By definition of the function.
37.E 39.A

4l. (@) y=m/2 (b)y=—m/2 (c) None

43.()y=m/2 (b)y=m/2 (c)None
45. (a) None (b) None (c) None
47. (a)

! p

(]
x

a=cos”" x, B =sin"x
Som/2=a+ B =cos ' x+sin!

(b)

B

cot ' x

=tan" " x + cot

nuwmox_.,.,muawow 2
Som/2=a+ B =sec x+csc

49, If s is the length of a side of the square, and let a, B, y denote the angles
labeled tan™" 1, tan™" 2, and tan™" 3, respectively.
s

_usnuﬂurmoaus:w_::a
tan 8 =2 - 2,50 B =tan"' 2.
s/
y=m—a—B=m—tan” 1—tan'2
=tan"'3.

Section 4.4
Quick Review 4.4

3. tan x

53¢ =15  7.In(4x%)
~In18 —In(In5)
B Ins

9.1 ~ 1.50

Exercises 4.4
1. 2¢* 3.=

2
53 23

7.6% — e
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9.V Va) 1.8 I8

13. —3%¢*(In 3)(csc x cot x)
2

5.2 m-tiso
x x

21

V-l
> -2
39. %. all reals
ﬁ.@.,.+|m:_=~.,>. > -1/3

43. (sin x)* [x cot x + In (sin x)]
as A?LE‘} :v_\mA 4o 6 v
: (2x +5)} 5(x — 3) %
2% (In x)
X
49.y = ex
51.(a) 18
(b) 52 students per day
(c) After 4 days; 52 students per day
53. rate ~ 0.098 grams/day

47.

55.(a)In2
p )
b) £'(0) = i
®.f(0) :ﬁr h
(c)In2
(d)In7
57. False. Itis (In 2)2°.
59.B
61. A
63. (a) The graph of =a.
(b) The graph of y; i =Ina.
© L a* = % it and only if yy = 22
dx )
d
Soif y3 = In a, then * a* will equal @* if and only if Ina = 1,
@
ora=e.
d ¥
(d) y, = — a* = a"In a. This will equal y,
dx
ora=e.
1
65.(a)y = —x

(b) Wonmwma the graph of In x lies below the graph of the tangent line for
all positive x # e.

(¢) Multiplying by e, e(Inx) <x, orlnx* <

(d) Exponentiate both sides of the inequality in part (c).

(e) Let x = 77 to see that 77¢ < ™.

Quick Quiz (Sections 4.3-4.4)

LA
3.C
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Review Exercises

13857 2. e'sec? (e¥) 3. 3sin x cos x

4. —cot x 5.2sin (1 — 21) 6. Wom%m

__isiny
2V + cosx
3x + 1

"Vax + 1

9.3 sec (1+30) tan (1 +360)
10. —4 tan (3 — 6%) sec? (3 — 6%)

11. —5x% csc 5x cot Sx + 2x csc Sx
x
13—
1+ e*
15.¢

8

fln2
1
- 75"
20. -8 'In8
2(In x)x"¥
S
(% + 1)¥?

>17

21.

or

(2x)2° P
Nt +1n2 - »lv
VaZ +1\2 2 +1

an”!x
35—
1+ 2
24. ey B
[ul V1 = o
25 + 5y = L
2t
2+ 22
26, —=—=— + 2tcot™' 2
Teap e
27.
1
28—+
P 4
29. -1

0. om0 (cox0 msin0 2L
1 — cosf ¢ — cos 0)?

31.Forallx # 0
32. For all real x
33. Forallx<1
34.Forall x # 0
y+2

35—
x+3

1
36. \w?éi_\m

2x 1+ 2xy?
-2 g
¥y xty
ar, a0 1 S & W
32+ 1)}
2 - 9, 8
4. wk 33 4 m, 535203 = w»,um\#_\w
43,32V
44.y = 32 sin (V2x)
2 V3 o 5\V3
B.@y=—x-V3 B)y=-—"x+>"
V3 )y 2T 2
aa.?::r/\wuwA \Wv G:Jr/\wnvw
1.9
a1.@y=-yxty (b)y=4x—2
——1 4 1
&.QZunM,%m va_uwkwﬂ

49.y = x — N/\M

4
§0.y = 3x + 4\V2

10
SLy=Jx- 5V3

S2.y=(1+V2)x = V2 - 1 - Tory = 2414r=3200

53.(a) lim_f(x) = lim_(sinax + bcosx) = band lim,_f(x) =

10" x—0" 0"
y_m_m‘ (5x + 3) = 3. Thus ME“V\E = f(0) = 3ifand only if b = 3
® 7(x) = A«_SM ax — bsinx, x< o.
5, x>0
if and only if @ = 5.
(¢) No. >=ro.=m_._ the slopes match, the function is not continuous.
54. (a) ‘H.,_S. function is continuous for all values of m, because the right-hand
limit as x — 0 is equal to f(0) = 0 for any value of m.
(b) The _om._yrmza derivative at x = 0 is 2, and the right-hand derivative at
x = 0is m, so in order for the function to be differentiable at x = 0, m
must be 2.
55.(a)Forallx #1 (b)Atx =1
(¢) Nowhere
56. (a) For all x  (b) Nowhere
(¢) Nowhere
57.(a) [—1,1)U(1,3] (b)Atx =1 (c) Nowhere

58.(a) [—3,3] (b) Nowhere (c) Nowhere
59.(a) —cosx (b) l4x — 13 ()2t — 3 (d)2r — 30

The slopes match at x = 0

2 3
(T () o e
0-@ 37 Tz @I
80
© -2t d—~
3Vh

R
)y - Nuwc.l:
©y - Nuwﬁls

62.(a)y =3 = W?. 51

S o
By —1=-3(-3

©y—3=—4(x-1)

PENEL(C Lty (ERO S R

i (Pt A LT
dy 237 + 10x

64.—— = (&7 + ‘,;O < +2) +

4 dx 4 2) n(x ) 2+2

6. ) f(x) = Jorf(x) =5 +C
(b) f(x) = e or f(x) = Ce*
(©) f(x) = e Vor f(x) = Ce™
(d) f(x) = e“or f(x) =€ or f(x) = Ce* + De™
(e) f(x) = sinxor f(x) = cosx or f(x) = Csinx + Dcosx

66. (a) —13/10 (b) -1/3
(¢) 1/10 @ -1
©-2/3 () -12

67.(a) 5 ()0
©8 (D2
@4 (-1

68.V3  69.-1/6

70. (a) One possible answer:

x(t) = 10cos A\ & mv
y(1)=0
) 5\V2
(¢)s = —10ands = 10
(d) Att = m/4:
Velocity = —10
Speed = 10
Acceleration = 0
71. (a) A(—1,1); B(1, ~1)
(b) C(—0.5,2); D(0.5, —2)
7. (@) A(-V2, ~2V/2); B(V2,2V2)
) C(—2,-2): D(2,2)
73. (a) A(—2, —2)
(

(b) B(-1,-3) Vi
2+ V2
74. At y-intercept (0, n/\mv the slope is i
2-V2
At y-intercept (0, \N/\mv the slope is 7
V3
At x-intercept (2 + 2V/3, 0) the slope is —=——
V3t
V3
At x-intercept (2 — 2V/3, 0) the slope is A
V3-1
75.6
76. Every sinusoid with amplitude A and period p is the graph of some equa-
2
tion of the form y = A sin AH». 4 »V + D. The slope at any x is
P
dy
i A le‘ cos AN‘SA + »v. Since the maximum value of cosine is 1,
dx P P
’ . 2mA
the maximum slope is Ivl
77. Yes
78. (a) P(0) ~ 1.339, so initially, one student was infected
(b) 200
(c) After 5 days, when the rate is 50 students/day
2
79. (a) =%
@ -3
5
®) 27

80. —1/(3V3)
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81. (a) g'(x) = k-ek* + f'(x),508'(0) = k + 3.
g"(x) = kK2 ek + f"(x),508"(0) = Bl
(b) A’ (x) = bsin (bx) f(x) + f'(x)cos (bx), so
1'(0) = b+sin (0) + 3-cos (0) = 3. Note that
1(0) = cos (0)-£(0) = 1:2 =2, so the
tangent line has equation y — 2 = 3(x — 0).

dy e —e*
82.(a)—=——F5 —

T 2
dy e+

b)—5=
dx 2

dy ¢ —e! ligedl

Atx=1—=2""—=11T5andy = —— = 1.543.

(c) At x e 2 and y 5 1.543. The

tangent line has equation y — 1.543 = 1.175(x — 1).
(d) The normal line has equation y — 1.543 = —0.851(x — 1).
(e) The tangent line is horizontal where dy/dx = 0; that is, where
¢ = ¢~ *. This is true only at x = 0.
83. (a) The domain of fis the interval (-1,1).
=2 2
M) f'(x) = |_|«\N = \NMI_ on the domain (=1, 1).
—x2 x2-
(c) The domain of f" is the interval (-1,1).

2\ 202 -1) — 2x(2x) —2(x + 1
@ f :uTN vn T TR S T
) -1 (x*—=1)
: ) sl
for all x in the domain of f, since o :N > 0 for all x between
x* —

—land I.

CHAPTER 5

Section 5.1

Quick Review 5.1
-1 5 sin (In x)
2V4 = x o
5.(c) 7.(d) 9. o0
1m.@l M1 © Undefined

1

Exercises 5.1
1. Minima at (—2,0) and (2, 0), maximum at (0,2)
3. Maximum at (0, 5)
5. Maximum at x = b, minimum at x = ¢2; Extreme Value Theorem
applies, so both the max and min exist.
7. Maximum at x = ¢, N0 minimum; Extreme Value Theorem doesn’t apply,
since the function isn’t defined on a closed interval.
9. Maximum at x = ¢, minimum at x = a; Extreme Value Theorem doesn’t

apply, since the function isn’t continuous.
1 e .
11. Maximum value is 2 + In4atx = 4; minimum value is [ at.x = 1

1
local maximum at Am, 2—=1In wv

13. Maximum value is In 4 at x = 3; minimum value is 0 at x = m

. i " Ll
15. Maximum value is 1 at x = MU minimum value is —1 at x = MA
= 1 y ks
local minimum at | 0, q ; local maximum at o] 0
2
17. Maximum value is 32/5 at x = —3; minimum value is 0 at x = 0.

[(0, 0) is not a stationary point]
19. Min value T at x = 2




